We consider results of recent studies involving the nonstrange sector of the l = 1 baryons. The use of pole versus Breit-Wigner masses is compared within the context of a large-N c fitting scheme.
In a series of papers, the orbitally excited SU(6) 70-plet baryons have been analyzed in terms of their masses [1] , and strong [2] and electromagnetic [3] decays, within the framework of large-N c QCD. While such fits necessarily involve a large number of free parameters, a comparison of the parameters determined in these independent fits reveals a remarkably consistency. This is particularly evident if one compares the mixing angles associated with, in πN notation, the S 11 and D 13 resonances. The two S 11 mass eigenstates, N(1535) and N(1650), and two D 13 mass eigenstates, N(1520) and N(1700), are mixtures of states, N ij , with total quark spin i/2 and total angular momentum j/2, as parameterized by mixing angles:
and
The mixing angles, θ N 1 and θ N 3 , have been determined independently in Refs. [1, 2, 3] . Results for the angles are identical, within the quoted uncertainties, in these fits to the masses and decay widths (both strong and electromagnetic). This self-consistency adds considerable weight to the large-N c fitting scheme. However, as we note below, this level of agreement presents a paradox in light of phenomenological analyses which have questioned the values of some decay amplitudes listed in the Review of Particle Physics [4] (RPP) and utilized in Ref. [3] .
While most photon-decay amplitudes have been determined through analyses of single-pion photoproduction data, some very recent results have been based upon eta-photoproduction data. The N(1535) helicity-1/2 photon decay amplitude (A 1/2 ), as determined from eta-photoproduction data [5] , is about 50% larger than the estimate listed in the 1996 RPP. In a related fit, utilizing the interference between S-and D-wave eta-photoproduction multipoles, the ratio of helicity-1/2 and helicity-3/2 photon-decay amplitudes (A 1/2 /A 3/2 ) for the N(1520) has also been determined. This work claims a ratio radically different from values found using pion-photoproduction data, the eta-production result being larger by a factor of two or three. Since both of these values fall outside the uncertainties listed in the 1996 RPP, it would be very interesting to see how their inclusion in the large-N c fit would affect the mixing angles.
Having three independent analyses in accidental agreement seems unlikely. We should therefore consider what these results imply. If the mixing angles were to remain unchanged with the use of different photon-decay amplitudes, the reason for such stability would be as interesting as their actual values. On the other hand, photon-decay amplitudes which significantly altered these angles would raise new questions. This is particularly true for the N(1520) amplitudes, as the eta-production determination [6] is supported by a collective-model calculation of Bijker and Leviatan [7] . One should also note that the results of Refs. [1, 2, 3] require no "unusual" structures associated with the S 11 states [8] .
Input values for the large-N c mass fits, and also for most quark-model fits, are the resonance masses listed in the RPP. Here two sets are possible. The usual choice is to fit the Breit-Wigner (BW) masses. However, the pole masses (ie. the real parts of the pole positions) could also be taken, and this choice has been advocated by Höhler[10] ; the pole position being a more fundamental and less model-dependent quantity. The result of taking the ∆(1232) pole mass in large-N c and quark-model fits of the baryon octet and decuplet has recently been studied [9] . There the effect is rather small, as the two "masses" are separated by only about 22 MeV. Here the difference is much more important. This is apparent if one notes that the heaviest and lightest of the orbitally excited SU(6) 70-plet baryons are separated by only about 200 MeV, whereas the difference between BW and pole masses can be 50 MeV or more.
In order to extend the study of Ref. [9] , we have repeated the mass fit of
Ref.
[1] using instead a set of pole masses [11, 12, 13] . While any comparison necessarily depends upon the number of operator coefficients varied in the fit, an interesting result follows if one fits the seven masses with six parameters and predicts the two mixing angles. These parameters scale the O(N c ) and O(1) contributions and the largest terms of O(N −1 c ). A detailed description of this method and a complete set of relations between the parameters and masses are given in Ref. [1] . In the present short note, we retain this notation [1] in order to aid comparison. The six-parameter fit of Ref. [1] was able to successfully reproduce the BW masses and mixing angles in agreement with the results of Refs. [2, 3] . A nine-parameter fit, including the mixing angles as data, did not give qualitatively different results [1] . (The values given in Ref. [1] were first verified before considering the effect of pole masses [14] .) Our fits, using both BW and pole masses, and the resulting parameters and mixing angles are given in Tables I and II. While the mixing angles resulting from the pole fit are quite different from those found in Refs. [1, 2, 3] , the other parameters display a number of striking similarities. The relative signs have not changed and the coefficient c 2 remains small and consistent with zero. Apart from c 2 , the coefficients found in the pole-mass fit are of the same magnitude -a feature one would hope to find in this expansion. The other terms of O(N −1 c ) listed and considered in Ref. [1] appear to be insignificant in both the BW and pole-mass fits. It is also interesting to see that, using either set of masses, a large part of the overall chi-squared is due to the N(1700). This state has a very weak coupling to the πN channel, and has not been detected in all analyses of elastic πN scattering data. As a result, its mass and pole position are not well determined. That the fit chooses to miss this state may actually be a positive result.
In summary, we have seen that fits to the pole masses associated with orbitally excited baryons have features similar to those found using the BW masses. Coefficients in the large-N c expansion are either of the same order of magnitude or are consistent with zero. Given the differences between these two sets of masses, this could not have been predicted. Unfortunately, the mixing angles are quite different. It is also unclear how this study could be extended to decay amplitudes in order to see if an analogous consistency exists at the pole. The pole residues tend to be complex, as compared to the real branching fractions analyzed in Refs. [2, 3] .
For the N(1520), a comparison between BW and pole quantities may be easier for the following reasons. From analyses of πN elastic scattering data, the phase of the N(1520) elastic pole residue appears to be very small [4] . As a result this quantity is essentially real. A similar result is found if one analyzes the multipoles extracted from pion-photoproduction data. Multipoles corresponding to this state ( p E 1/2 2− and p M 1/2 2− ) have real parts going to zero at an energy consistent with both the BW resonance energy and the real part of the pole position -these two measures differing by only about 10 MeV. At this energy, the E/M ratio of imaginary parts is about two [15] . This ratio also remains nearly real and of about the same magnitude at the pole. Unfortunately, much less is known about the N(1700) pole residues.
Further work will certainly be required in order to clarify the relevance of pole versus BW parameters in large-N c and quark-model fits. Most urgent at this point, however, is a reanalysis of the photon-decay amplitudes considered in Ref. [3] , including recent estimates from eta-photoproduction data. We anxiously await the results of such a study. 
